Background {#Sec1}
==========

The global burden of diabetes mellitus, a chronic metabolic disorder caused by defects in insulin production, has continued to rise with rapid increases observed in low and middle income countries \[[@CR1], [@CR2]\]. Globally, the population with diabetes is projected to rise to a high of 592 million in 2035, from 285 million in 2010 \[[@CR3], [@CR4]\]. In South Africa, adult diabetes prevalence was estimated to be approximately 9% in 2009 \[[@CR5]\]. With these trends, there has also been an increase in the prevalence of diabetes during pregnancy, which is a source of major concern for countries worldwide \[[@CR6], [@CR7]\].

Diabetes in pregnancy can either be pre-existing type 1 or type 2 diabetes, or gestational diabetes mellitus (GDM), which is defined as glucose intolerance of variable severity that is first recognised during pregnancy \[[@CR8]\]. It is estimated that type 2 diabetes affects about 92 million women of reproductive age worldwide, and up to 14% of pregnant women will have GDM \[[@CR9]--[@CR11]\]. In pregnant women and their children, diabetes is associated with increased risk of hypertension, miscarriages, stillbirths, prematurity and macrosomia among others \[[@CR8], [@CR12]--[@CR14]\].

Not much is known about the prevalence and distribution of diabetes in pregnant South African women. An audit of pregnancy outcomes conducted at Chris Hani Baragwanath Hospital in Soweto between 1992 and 2002 suggests that approximately 2% of screened pregnant women had diabetes \[[@CR15]\]. A programme implemented at the hospital to manage diabetes in pregnancy was estimated to reduce perinatal mortality by 25%. Two studies conducted in sub-populations in Johannesburg and Limpopo found a diabetes prevalence of 1.8% and 8.8% in pregnant women \[[@CR16], [@CR17]\].

This study uses self-reported data from a nationally representative survey to estimate the extent of diabetes during pregnancy in South Africa women. The study also assesses the social determinants of diabetes in pregnancy. The analysis adds to the limited literature and can be used to inform policy and priority setting to improve pregnancy outcomes.

Methods {#Sec2}
=======

The South African National Health and Nutrition Examination Survey (SANHANES), was a cross-sectional survey undertaken in 2012, to measure the nutrition and health status of the South African population. The survey employed a multi-stage, stratified cluster sampling approach. The Master Sample was created by selecting a total of 1000 census enumeration areas (EAs) mapped using aerial photography in 2007. The selection of EAs was stratified by province and locality type. A total of 500 EAs representative of the socio-demographic profile of South Africa were selected from the Master Sample. From each EA, random samples of 20 visiting points (VPs) were then selected, yielding an overall sample of 10 000 households. The final sample consisted of 8,166 households, with 27,580 eligible individuals, of which 92.6% (25 532) participated in the survey. Details of the survey are given elsewhere \[[@CR18], [@CR19]\].

In this paper, the analysis was restricted to girls and women between the ages of 15 to 49 years who reported having ever been pregnant. A total of 4261 participants within the reproductive years of 15--49 years indicated that they had been pregnant before, of which 144 (3%) reported having had diabetes during pregnancy. In the analysis the dependant variable was self-reported diabetes during pregnancy, which was coded into a binary variable with 0 indicating having ever been pregnant and not diabetic during pregnancy and 1 indicating ever pregnant and diabetic during pregnancy.

We assessed the social determinants of diabetes in pregnancy, with variable selection guided by the conceptual framework for the social determinants of health suggested by the WHO Commission on Social Determinants of Health (CSDH) \[[@CR20]\]. This model explains the structural and intermediary factors that influence health and wellbeing. Structural determinants include factors related to socioeconomic status, such as education and income, while intermediary determinants of health include material circumstances of living and food availability, biological and psychosocial factors.

The structural determinants included in the analysis were: age, race, education, employment status, residence and household income. Age was measured in years and included as a continuous variable. The SANHANES collected data on the four main ethnic groups in South Africa -- Africans, Coloureds, Whites and Indians. Very few non-African women reported having diabetes during pregnancy, as a result race was recoded into a binary variable as 0-African and 1-non-African. Education was categorised as 0- no education, 1- primary (1--7 years), 3- secondary (8--12 years) and 4- tertiary (13+ years). Employment had three categories: unemployed, informal and formal employment. Residence was categorised into 0-rural and 1-urban. A continuous annual household income variable was derived from the categorical data collected in the SANHANES for each adult member of the household, by taking the mid-point estimate of each income category. We then estimated the total income and divided this by the number of adults to get the average income in each household. Average household income was re-categorised into quantiles denoting low, medium and high.

The intermediary determinants included in the analysis were family history of diabetes and self-reported health. Family history of diabetes was self-reported. Respondents in the SANHANES survey were also asked to rate their general health status. This variable was included in this analysis as a categorical variable with 0 denoting bad, 1- moderate and 2- good.

Statistical analyses were performed in STATA software version 13 (Stata Corp. Inc. TX, USA). Clustering and survey design effects were accounted for using Stata's stratified multi-stage design command. In reporting the descriptive statistics, means and standard deviations are presented for continuous variables and proportions for categorical variables.. Unadjusted and adjusted odds ratios were calculated to estimate the strength of association, with significance levels set at *p* \< 0.05.A logistic regression was fitted using a stepwise method guided by the CSDH model. Step 1 was a univariate or unadjusted analysis; step 2 included structural determinants; step 3 included intermediate determinants; and step 4 included all variables that were significant in steps 2 and 3.

Ethical approval for the SANHANES was obtained from the Research Ethics Committee of HSRC (REF: EC6/16/11/11). Written consent was obtained from participants. Authorised consent, signed by parents or guardians was obtained for persons under 18 years.

Results {#Sec3}
=======

A total of 144 women (3% of women 15--49 years who had ever been pregnant) reported having diabetes during pregnancy (Table [1](#Tab1){ref-type="table"}). The mean age (standard deviation -- SD) was 33 (9.1) years. Of the 144 women who reported diabetes in pregnancy, 70% were African.. Over 80% of those reporting diabetes during pregnancy had more than 7 years of schooling (secondary or tertiary education). 51% of women who had diabetes during pregnancy were unemployed and 76% lived in rural areas. More than half of the women who had diabetes during pregnancy had a family history of the disease.Table 1Characteristics of women who had diabetes during pregnancyVariablesDiabetes in pregnancyNumber (*n* = 144)Percent (100%)Race African8270% non-African6230%Education None31% Primary1815% Secondary9067% Tertiary1417%Employment Unemployed6651% Informal2315% Formal5334%Residence Rural10876% Urban3624%Household income Low5440% Medium4934% High4126%Family history of diabetes No6849% Yes7051%Self-rated health Bad119% Moderate2720% Good10571%

Table [2](#Tab2){ref-type="table"} shows the factors associated with reported diabetes in pregnancy. In the unadjusted logistic regression model (step 1), age (1.05 \[Odds Ratio\]; 0.01 \[Standard Error\]), race (2.06; 0.5), family history (3.57; 0.85) and primary (4.18; 2.89), secondary (3.53; 2.15) and tertiary (4.48; 3.08) education were positively related to diabetes in pregnancy, with statistically significant associations. Those living in urban areas (0.62; 0.15) had lower likelihood of reporting diabetes, with statistically significant associations. After adjusting for structural factors in step 2, age (1.05; 0.01), race (1.91; 0.59) and secondary education (3.76; 2.37) remained statistically significant. Strong associations were also maintained for persons in the high household income category (0.51; 0.18), who were less likely to report diabetes. In step 3 (adjusting for intermediary factors), those reporting a family history of diabetes (3.6; 0.9) were strongly associated with having diabetes in pregnancy. In the final model (adjusted for structural and intermediary factors), age (1.04; 0.01), race (1.91; 0.53), and family history (3.04; 0.8) were significantly associated with diabetes in pregnancy. Non-Africans and those with family history had a higher likelihood of reporting diabetes.Table 2Determinants of diabetes in pregnancyCharacteristicStep 1Step 2Step 3Step 4ORSEORSEORSEORSEAge1.05\*\*0.011.05\*\*0.011.04\*\*0.01Race African111 non-African2.06\*\*0.51.91\*0.591.91\*0.53Education None111 Primary4.18\*2.893.412.322.541.81 Secondary3.53\*2.153.76\*2.372.681.72 Tertiary4.48\*3.084.143.113.092.29Employment Unemployed11 Informal1.320.460.820.36 Formal1.080.270.940.28Residence Rural11 Urban0.62\*0.150.690.21Household income Low111 Medium0.780.220.780.230.770.24 High0.740.210.51\*0.180.580.2Family history No111 Yes3.57\*\*0.853.6\*\*0.93.04\*\*0.8Self-rated health Bad11 Moderate0.630.310.670.33 Good0.450.20.460.2\**P* \< 0.05; \*\**P* \< 0.01; *OR* odds ratio, *SE* standard error

Discussion {#Sec4}
==========

This nationally representative study recorded the reports of diabetes during pregnancy in South African women. Out of the 4,261 women between the years 15 to 49 who reported having been pregnant, 3% indicated that they had diabetes during their pregnancy. This estimate is within the global estimates for diabetes during pregnancy, and the range of 2% to 8% reported in South African populations \[[@CR15]--[@CR17]\]. There is not much in the literature on diabetes among pregnant South African women and more investigations are needed in this area. The findings in this study provide a snapshot of the problem and the likely social determinants of diabetes in pregnancy among South Africans. To our knowledge, this is the first study in South Africa, which indicates these associations at a population level. The findings will be important to healthcare planning and decision making and give impetus for increased attention to the prevention and management of diabetes in pregnancy.

Strong associations were observed for race and family history. Non-Africans were more likely to report diabetes in pregnancy than Africans. This has been shown to be the case in studies of type-2 diabetes in the general population, which report higher prevalence of type-2 diabetes in South Africans of non-African origin \[[@CR21]--[@CR23]\]. Our estimates also indicate higher likelihood of diabetes during pregnancy in rural women and those residing in lower income households. Future research should consider investigating these and other special populations that seem to be prone to diabetes.

A major strength of this study is the use of nationally representative data, which allowed for the examination of the social determinants of self-reported diabetes in pregnancy. The study is however limited in that causal inferences cannot be drawn due to the cross-sectional nature of the SANHANES. The prevalence of diabetes during pregnancy was self-reported and not measured, thus it was not possible to independently verify health status. We were also unable to classify the type of diabetes that was reported. It is also important to note that respondents were required to report whether they had diabetes during pregnancy regardless of the period in which this occurred, as a result, the study focused on the history of diabetes in pregnant women and not the current prevalence. Because of this, we did not include other risk factors for diabetes such as obesity and physical exercise, which would have been informative if measured together with the diabetes.

Diabetes in pregnancy presents major challenges in childbirth and has the potential to cause perinatal morbidity and mortality \[[@CR8], [@CR12]--[@CR14]\]. Evidence suggests that scaling up the management of diabetes in pregnancy can prevent stillbirths and deaths of mothers in South Africa \[[@CR24]\], yet it does not receive much attention, and not much is known about its extent and distribution in South Africa. Research on diabetes in pregnant women in South Africa is limited and this hampers efforts to manage the disease \[[@CR15]\].

South Africa is bound by legislation to commit towards realising the right to maternal health and the reduction of maternal mortality due to causes such as diabetes. Through provisions in its constitution, over the years the country has adopted a number of legislation and policies directed at reducing the maternal mortality rates such as the National Health Care Act, the Choice on Termination of Pregnancy Act and White Paper for the transformation of the health System which emphasised access to maternal, child and women's healthcare services. Apart from these laws South Africa has adopted various Maternal Health Programmes such as the Campaign on Accelerated Reduction of Maternal, Newborn and Child Mortality (CARMMA) and Department of Health Strategic Plan for Maternal, Newborn, Child and Women's Health (MNCWH) and Nutrition 2012--2016. Though it makes no mention of diabetes in pregnancy, the MNCWH emphasizes the need to tackle the social determinants of health in order to reduce maternal, newborn and child mortality \[[@CR25]\]. In their guidelines for maternity care in South Africa the department of health reviews the treatment of diabetes during pregnancy and emphasises the need for tight control of blood glucose levels in pregnant women with pre-gestational and gestational diabetes \[[@CR26]\]. The guidelines advise that all pregnant women with diabetes risk factors such as being older than 40 years, of Indian ethnicity, obese, those with a previous history of gestational diabetes and those with first degree relatives with diabetes should be screened. Although South Africa does not have any data on maternal mortality due to diabetes, notwithstanding this, the legislation, guidelines and clinical protocol provided by the department of health if applied stringently will help reduce maternal mortality. There are however weaknesses in clinical practice with regard to detection of diabetes in pregnancy, mainly as a result of late presentation. Treatment is also affected by late referral of patients \[[@CR15]\]. This is a problem particularly in the public sector which is mainly used by a large section of the poor population. Future research is therefore imperative in order to influence policy refinement.

Conclusion {#Sec5}
==========

This study contributes to the understanding of the extent of diabetes during pregnancy and its social determinants in South Africa. The identification of the risk factors associated with diabetes during pregnancy provides useful information that can be used in priority setting and planning for the improvement of maternal and child health. For instance the association between family history of diabetes and developing diabetes during pregnancy may imply that there is need to put in place measures that encourage healthy lifestyles for women with a family history of diabetes. Pre-pregnancy care for non-African women may help avert the adverse outcomes of diabetes during pregnancy.

Focusing on diabetes in pregnancy can help South Africa make that extra push required to reduce maternal and child mortality. South Africa did not meet its millennium development goals (MDGs) aimed at reducing maternal and child mortality by 2015, despite making much progress in the last decade \[[@CR27]\]. As the country works towards meeting the new sustainable development goals set for 2030 \[[@CR28]\], consideration should be made to managing non-communicable diseases such as diabetes, which can profoundly affect pregnancy outcomes \[[@CR24]\].
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